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<7 64137 Arm Neoverse #Z/I>H AWS H1T7ES]
Custom AWS silicon with 64-bit Arm Neoverse cores

Aiine

Targeted optimizations for cloud-native workloads

BN RIRE T, MEFNA

Rapidly innovate, build, and iterate on behalf

O0OO0O
\\ 4/ of customers
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SEIE AZER7 RigHCE
9 MX1E tamai B Sk 6 I SLflIEEd
1t2E (N. Virginia, Oregon, Ohio) W=
BRiM (Ireland, Frankfurt) Bt MRS Rt HEE iE
K (Mumbai, Sydney, Tokyo, HEFARMBYEEN A A& B2 16 vCPUs, 32GiB NfF
Singapore) BETE 45% B £2%2 10 Gbps f4&, 3.5 Gbps EBS
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Amazon EC2 A1 iFHE&E

al.medium
al.large

al.xlarge

al.2xlarge

al.4xlarge

5 instance sizes, up to 10 Gbps networking and EBS-optimized burst

Up to 3500

Up to 3500

Up to 3500

Up to 3500

3500

US East (N. Virginia and Ohio), US West (Oregon), Asia Pacific (Mumbai, Singapore, Sydney,
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and Tokyo), and Europe (Frankfurt and Ireland)
More regions coming soon!
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Cascade Lake / Platinum

H-H
[EH] [EH]

CPU Alpine AL73400 8124M Intel Xeon E5-2666 v3
ISA ARM v8 x86 x86
Microarchitecture Cortex-A72 Cascade Lake / Skylake Haswell
Core count 4*4 18 18

Thread count 16 18 * 2 18 * 2

Base frequency 2.3 GHz 3.0 GHz 2.9 GHz
Turbo None ;feﬂiz(aﬂl f:gil) 3%2'56(;sz(§1 22;2,)
L1i cache 48 KB * 16 32KB*18 32KB*10
L1d cache 32KB*16 32KB*18 32KB*10

L2 cache 2MB*4 1MB*18 256 KB * 10
L3 cache None 1.375MB * 18 25 MB shared
Launched 2018 Q4 2017 2015
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Network Bandwidth (internal, Gbps)

NIC Queue Cost ($ per hour) 1>
: 2core 4GB - 0.051 1 N B
c4.large 2core 3.75GB - 0.5 I |
c5.large 2core 4GB - 0.085

0]
al.xlarge 4core 8GB - 0.102 mal.large mc4.large mc5large malxlarge mc4.xlarge mc5.xlarge
c4.xlarge 4core 7.5GB - 0.199
600

e Performance: A1 = C5>(C4 400
« Pricing: A1<(C5<(C4
« 40% off to C5, 49% off to C4

PPS (K per second)

200

mal.large mc4.large mc5.large mal.xlarge ™ c4.xlarge ® c5.xlarge

© 2020, Amazon Web Services, Inc. or its afflllates. All rightsreserved.
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AWS Graviton 2 IEBE
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4GB DRAM/vCPU
M6g

M6gd

AJ ERIE M6g Firahik

6 ZH\FrSCf)
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TTEEL NEFLCEE
2GB DRAM/vCPU 8GB DRAM/vCPU
Cé6g R6g
Cé6gd R6gd

2020 TUBERTS
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AWS Graviton2 4ME2s

AWS Graviton2 processor

4X oX /X
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AWS Graviton 2 Z=WXTEL,

AWS Graviton processor AWS Graviton2 processor
. AWS F—X ARM 4LMESE - REFBIFTEOH
. BK 16 #% + EK 641%

. 7nm L=

« ~300 (N EBRINE
- 7 (BEEERET

.+ 5 vCPU 29 2 {Z4REiRT

. 16 nm 1Z
+ ~50 {ZNBEAE
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AWS Graviton 2 - %

- Arm Neoverse N1 J%%
- Arm vS8.2 T“’/\E

- ARM N1 ZEf4RY%2 HSCI)
fSVCPU 64KB 15455 SEIRER, 1MB 2RER
°E RPERM
thltr, EPMY, S5 ETIOHREYETFE

- 4-wide front-end, with 8-wide dispatch/issue |

. SR SIMD BT g Trorsienif
. {#F3 int8, fp16 IS NHEN 28] i
- ToBEFRIRIT (SMT)
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Graviton2 - HEL

o 64 PMZIMEIT mesh S EEL
. ~2 TB/s X

- 1 100 MB FBFE]{ER%EEF

- BV RZRREERzZESRAFINEE— ;

64 1E1E PCle gen4

- Provide flexibility for different instance configurations

i

© 2020, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Graviton2 - &%;

- 8x DDR4-3200 @& ~ #E1J 200GB/s
- (FFIRRTESBS AES-256 INZE X INZRTZIAE)
- Fi8 CPU #WBIRIRFEE —EUEIER

. 2xlarge @EEL,U:E’J*WH"@’\EEW&)JD i i
. & F5H1 DPDK 5 Linux PItZE4 ;aszrjjm i e i
. FERSEREIA 15GB/s SRIEREI% 11GB/s
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Graviton2 Nitro Security Chip Nitro Card Nitro Hypervisor
| <
=Kz 47
Industry leading Integrated into motherboard = Amazon Elastic Block Store, Lightweight hypervisor
performance Protects hardware resources Elastic Network Adapter Memory and CPU allocation

Monitoring, and security Bare Metal-like performance

© 2020, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Web and gaming servers Open-source databases

High performance computing

In-memory caches

AN EEEENEER

Media encoding > VAVAVARE::).

L 1 I [ [P J 1/

Analytics Microservices

\ J \ J
© 2020, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Amazon EC2 M6 BE{R&#iEE

m6g.medium
m6g.large
m6g.xlarge
m6g.2xlarge
m6g.4xlarge
m6g.8xlarge
m6g.12xlarge
m6g.16xlarge
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SPEC cpu2017

° IndUStry standard CPU SPECcpu2017 Rate*
intensive benchmark 160%
= 140%
ol
» Run on all vCPUs concurrently S 120%
o
. % 100%
- Comparing performance/vCPU =
S 80%
£
Q
A 60%
40%

SPECint2017 Rate SPECfp2017 rate

m M5 m M6G
* AlL SPEC scores estimates, compiled with GCC9 -0O3 -march=native,
run on largest single socket size for each instance type tested.

© 2020, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Load Balancing with Nginx

160%

—
N
o
=

120%

100%

Load
80%

Balancer
(nginx)

60%

Performance (Requests/s)

40%

mM5 mM6G

NGINX v1.15.9, 512 clients, 128 GET/POST payloads, all HTTPS connections, AES128-GCM-SHA256,
© 2020, AmdRDP EBSShvichs 1nd o dargets maghinesyall tests run on 4xl size; load generator ¢5.9xl; web servers c5.4xls;

All servers run in a cluster placement group
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Memcached

Throughput

160%

— —
N D
S 2
o o

100%

80%

Memcached

60%

Performance (Requests/s)

40%

m M5 m M6G

Memcached v1.5.16, 16B keys, 128B values, 7.8M KV-pairs, 576 connections for load generation from 2x c5.9xlarge

© 20i6) sEaREe%RL 16 additionaleenp ectiprs.used to measure latency from 1 additional ¢5.9xlarge,;each connection
maintains 4096 outstanding requests; All servers in a cluster placement group
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Memcached

1000

900

800

700

600 -

500

400

Memcached

300

200

100

99th Percentile Latency (pus)

(0] 100 200 300 400 500 600 700 800

Throughput (KRPS)

emgmem5.2xlarge ®=w=>m6g.2xlarge

Memcached v1.5.16, 16B keys, 128B values, 7.8M KV-pairs, 576 connections for load generation from 2x c5.9xlarge
© 2010 sEanse%L teadditionaleanpactipns-used to measure latency from 1 additional ¢5.9xlarge, each connection

maintains 4 outstanding requests; all servers in a cluster placement group
AWS FE (F8) KiZHARSIEIEE
AWS ShE (1£5) RISEHRRES



Media Encoding with x264

- Huge amount of video created daily

« Encoding it reduces bandwidth to
deliver and storage of that video

+ Using libx264 encoder encoded
uncompressed 1080p to h264

Performance (Frames/s)

© 2020, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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160%

140%

120%

100%

80%

60%

40%

aws | (aiep

mM5 mM6G

X264 (videolan.org version 3759fcb7), 4xl instance size, medium preset, input

uncompressed 1080p50, output encoded h264 1080p50



Machine Learning

160%
- BERT: The state-of-the-art text encoder =
- Feature representation (encoding) is crucial for ML § 140%
- Deep neural network for text feature representation ©
U 120%
: : C
« Graviton2 has fp16 and int8 support to 2 100%
accelerate Machine Learning workloads =
= 80%
3
+ M6g can outperform M5 = 60%
+ M5 with AVX-512 is limited to FP32 5
. With FP16 support M6g performs better for CPU e 0%

based inference
mM5 mM6G

BERT classification using TVM and 64 length sequence on CPUs
© 2020, Amazon Web Services, Inc. or its affiliates. All rights reserved. BatCh Size Of one,; dEdlcatEd Instances on Xlarge Size
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EDA Performance — Arm and Cadence Xcellium d IJfﬁ

« Chip development is expensive Total Runtime
- Design needs to be right the first time 7.00
- Arm uses millions of hours of CPU time per 6.00
month to simulate their processor designs . _
- Demand is highly variable depending on phase of the =
project £ 400
Perfect use-case for Amazon EC2 GE) 2.00
« Simulated Arm Cortex-A53 using Cadence = o
Xcellium g -
570 validation simulations on the the DPU RTL of the 1.00
processor 0.00

m m5.24xlarge  ® mé6g.16xlarge

© 2020, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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EDA Performance — Arm and Cadence Xcellium d IJlgﬁ

« Chip development is expensive
- Design needs to be right the first time

- Arm uses millions of hours of CPU time per 140%

160%

: ) , —
month to simulate their processor designs &
Demand is highly variable depending on phase of the 2 120%
project §
Perfect use-case for Amazon EC2 E L0
+ Simulated Arm Cortex-A53 using Cadence 5 so%
Xcellium o
570 validation simulations on the the DPU RTL of the o0%
processor

40%
m mb5.24xlarge  m m6g.16xlarge

AWS Graviton delivers significantly better.performance per vCPU for EDA
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©

How about a database workload?

« Scyllais a high-throughput, low latency Big Data database

« Thread-per-core architecture guarantees full CPU utilization

* 1/0O Scheduler guarantees peak I/O throughput

« (Can easily reach AWS 13's 15GB/s bandwidth limit S C I L L A ®

« (Canyou use Scylla on A1 instance?

* Yes. It works, and it is supported

 But doesn't reach peak performance

EC2 A1 vs EC2 Mé6g, both 16 cores, read throughput

« Me6g instances change the game

- EC2 Még
- EC2 AT

« All CPU and memory-bound workloads are supported 000K ops -~

400K ops

« 4xlarge - 37.5k reads/s/core; 5x improvement over A1!

200K ops

e 64 vCPU theoretical limit around 2.4M reads/s " {

P Amazon EBS is Still instance StoragéZOZO,AmazonWebSerVices, Inc. or its affiliates. All ric OpSZO:DB 20:10 20:12 20:14 20:16 20:18 20:20 20:22

AWS FE (FE) XigHA=RSIREE
AWS FE (tR) XiFHEErHNEE



aw
N —

A1V,

‘ intel.

M6gd completes the story

With a preview version of M6gd
Over 5GB/s of disk bandwidth

Close to TM IOPS
Enough for demanding storage workloads

Scylla welcomes the M6g series: ready for NoSQL
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g0 AWS INNOVATE 2020 EE&I A AL
B B EEX B E B SHARE !
B = AIRE T T RIRIEE.
SRR T AWS NEZ(EREMIRARS, aJLUEZLA T A EEIFEA]:

% HUSITHS: AWS =it& (awschina)

R SRS : AWS Builder {E5REZB (amazonaws)

D ... : Wi
FMBERUE: https://www.weibo.com/amazonaws/

J #EF: IEH=itE (BE5S: 266052872)
o Jgmey: http://aws.amazon.bokecc.com/

aws {#%: https://aws.amazon.com/cn/blogs/china/

B2 &S - https://aws.amazon.com/cn/about-aws/events/webinar/
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